Objectives: High-density lipoprotein cholesterol (HDL-C) is an independent risk factor for cardiovascular diseases that has shown a remarkable increase, but little is known about the prevalence of low HDL-C in Korea. This study aimed to evaluate changing trends of low HDL-C prevalence, and indicate other risk factors associated with low HDL-C. Methods: We selected subjects aged !20 years from the Korean National Health and Nutrition Examination Survey (KNHANES) 1998(KNHANES) , 2001(KNHANES) , and 2005. The mean level of HDL-C and the prevalence of low HDL-C was calculated, and cardiovascular risk factors associated with low HDL-C, as well as demographic, anthropometric, lifestyle, and nutrition factors, were assessed using the KNHANES 2005 data. Results: Mean HDL-C levels in men and women between KNHANES 1998 and 2005 decreased significantly, from 48.1 to 42.3 and from 51.6 to 47.1 mg/dL, respectively (both p < 0.001). The decrease was slightly less for women compared with men for the same period, and women had higher HDL-C levels at all periods. Covariate-adjusted OR revealed that body mass index, waist circumference, and non-alcohol drinker in both men and women were associated with low HDL-C levels by KNHANES 2005, as were employed and light physical activity in men and low fat intake in women. Conclusion: The prevalence of low HDL-C increased significantly from KNHANES 1998 to 2001 and 2005 (p < 0.001) in both men and women. body mass index, waist circumference, and non-alcohol drinker were identified as associated with low HDL-C in Korean adults.
Introduction
Many epidemiological studies have shown that elevated levels of serum total cholesterol (TC) and lowdensity lipoprotein cholesterol (LDL-C) are independent risk factors for cardiovascular diseases (CVD) [1e3] . High-density lipoprotein cholesterol (HDL-C) level is also known as an inverse predictor of CVD, and has recently received considerable attention as a therapeutic target for regression of atherosclerosis [3] .
Low HDL-C levels play a crucial role in the development of CVD; people with low HDL-C (<35 mg/dL) have a 2.5e4.1-fold risk of dying from CVD than those with high HDL-C (!60 mg/dL) [4] . A 1-mg/dL increase of HDL-C is associated with 2% reduction in the relative risk of CVD in men and 3% reduction in women [4] .
Asian populations tend to have lower levels and prevalence of low HDL-C than European and American populations, and previously reported finding may not be applicable to Asia populations [5e7] . This inter-ethnic diversity in HDL-C levels is considered to be the main factor cause [6, 8] . However, the prevalence of and modifiable lifestyle factors that have been associated with low HDL-C have not been investigated fully among Asian populations.
Therefore we investigated the prevalence of low HDL-C levels in the general population using the Korean National Health and Nutrition Examination Surveys (KNHANES) in 1998, 2001, and 2005, and examined cardiovascular risk factors associated with low HDL-C, as well as demographic, anthropometric, lifestyle and nutrition factors.
Methods

Study population
Our research was based on the 1998, 2001, and 2005 KNHANES performed by the Korea Institute for Health and Social Affairs for the Korean Ministry of Health and Welfare. KNHANES is a repeated cross-sectional survey and consists of four components, namely the Health Interview Survey, Health Behavior Survey, Health Examination Survey and Nutrition Survey. The target population for surveys was community-dwelling individuals. The total population included in the Health Interview Survey in each year was n Z 39,060, 37,769, and 34,145 primary sampling units randomly sampled throughout South Korea. We selected subjects aged !20 years with blood biochemistry data including TC, HDL-C, and LDL-C levels (for KNHANES 1998 KNHANES , 2001 , and 2005, n Z 7962, 6436, and 5438, respectively).
For the analysis of associated risk factors for low HDL-C, subjects on lipid-altering medications were excluded (Table 3) . Self-reported questionnaires were administered to determine residential area, marital status, education level, occupation, economic status, alcohol intake, smoking status, and physical activity. Components of socioeconomic status (residential area, marital status, education level, occupation, and economic status) were obtained by interview. Residential area was categorized into three groups according to the Korean administrative district as large city, medium or small city, and rural area. Educational background was determined in terms of total years of formal education, namely <7, 7e9, 10e12, and >12 years. Occupational status was grouped into three categories: white collar (professional, administrative, office work, or service job); blue collar (agricultural, fishing, industrial, or other manual job); and unemployed (including students and persons who worked in their homes without pay). Economic level was divided into four groups by monthly income.
Height was measured to the nearest 0.1 cm by portable stadiometer (850e2069 mm; Seriter Ò ) and weight to nearest 0.1 kg by balance beam scale (Giant-150N; HANA Ò ). Body mass index (BMI; kg/m 2 ) was calculated by dividing weight (kg) by the square of height (m 2 ). WC was measured at the midpoint between the bottom of the rib cage and the top of the lateral border of the iliac crest during minimal respiration. BMI was divided into four categories, namely <18.5, 18.5e22.9, 23.0e24.9, and !25 kg/m 2 . WC was divided into tertiles arbitrarily: <79, 79e85, and !86 cm in men and <73, 73e80, and !81 cm in women. Blood pressure was measured by mercury sphygmomanometer (Baumanmeter Ò ) in a seated position after a 10-min rest period. Two measurements were made in all subjects at 5-min intervals, and the average of two measurements was used in data analysis. Blood samples were collected from subjects in the morning after overnight fasting and analyzed for TC, LDL-C, HDL-C, and fasting plasma glucose (FPG) at a central laboratory.
Alcohol consumption was estimated from the subjects' usual daily intake of alcoholic beverages. Drinking was divided into 2 groups by lifetime drinking experience in adults: drinker or non-drinker. Smoking habit was likewise classified as smoker or nonsmoker. Physical activity was categorized into 3 groups, namely light, moderate, and high.
Daily energy and nutrient intakes were assessed by 24-h recall. As one relevant measure of risk factors, fat intake was selected and expressed as percent total food energy. Fat intake percentage are define by fat intake over total energy intake. Percent intake of fat was divided into categories of 25%, 50%, and 75%. 
Statistical analysis
Statistical analyses were performed using the SPSS statistical package version 12.0 (SPSS Inc., Chicago, IL, USA). Baseline variables were described as group number (percent). HDL-C values were expressed as sexand age-specific mean. Trends were analyzed by c 2 test. Regression analysis was used to test the significance of increases or decreases of low HDL-C values in each sex. Analysis of variance was used to examine differences between sexes between 3 surveys (KNHANES 1998 (KNHANES , 2001 (KNHANES , 2005 . Demographic factors (age, residential area, marital status, education level, occupation and economic status), anthropometric factors {body mass index (BMI) and waist circumference (WC), lifestyle factors (alcohol consumption, cigarette smoking, and physical activity)}, and nutrition factors (fat intake, protein intake, and sugar intake) were created as dummy variables. Multiple logistic regression analysis was performed to examine the risk of low HDL-C (as a dependent variable) according to the demographic, anthropometric, lifestyle, and nutrition factors (as independent variables) in men and women. Adjusted odds ratio (OR) was presented together with 95% confidence interval (95%CI). All reported p-values were based on two-sided tests; those <0.05 were considered significant.
Results
Baseline characteristics
In this analysis, data from 19,836 individuals (3,597, 2,810, and 2,314 men and 4,365, 3,626, and 3,124 women by KNHANES 1998 KNHANES , 2001 , and 2005) were included. Table 1 shows the basic characteristics of the study population. Between KNHANES 1998 and 2005, the prevalence of obesity (BMI, !25 kg/m 2 ), resident population in city, high education, family monthly income !2.5 million won, and moderate physical activity increased in men and women. Moreover, the prevalence of higher WC (highest tertile, !86 cm) in men and current drinker in women increased from KNHANES 1998 to 2001 to 2005 (Table 1) . Table 2 shows the cardiovascular risk factors in the study population in men and women. Between KNHANES 1998 and 2005, the overall mean age, BMI, and TC/HDL-C increased significantly in men and women (p < 0.05). In men mean WC and TG were increased, whereas mean HDL-C, FPG, and SBP decreased (p < 0.001). In women mean TC, HDL-C, FPG, and SBP decreased (p < 0.001). The prevalence of low HDL-C increased significantly from KNHANES 1998 to 2001 to 2005 (p < 0.001) in men and women. In addition, the prevalence of abdominal obesity increased gradually in men, whereas DM, high TC, and high LDL-C decreased from KNHANES 1998 to 2001 to 2005 (p < 0.05) ( Table 2) 
Risk factors associated with low HDL-C levels according to sex in KNHANES 2005
Multiple logistic analyses for low HDL-C levels for men and women are shown in Table 3 . Age-adjusted OR for low HDL-C increased with increments of BMI and WC in men and women. In men, age-adjusted OR for low HDL-C was higher in those who were married as opposed to unmarried, employed as opposed to unemployed, higher monthly family income (!4.00 million won), nondrinker as opposed to current smoker drinkers, and light physical activity as opposed to heavy physical activity. In women, age-adjusted OR for low HDL-C was lower for university school educational level and for higher fat intake expressed as a percentage of total energy consumption. Fat intake was statistically significant only for women (Table 3) . Covariate-adjusted OR for low HDL-C increased with increments of BMI, WC, and non-alcohol drinker in men and women. In men, covariate-adjusted OR for low HDL-C showed an increasing trend for employed as opposed to unemployed and light physical activity as opposed to moderate physical activity. In women, fat intake was significantly correlated to low HDL-C (Table 3 ).
Discussion
The KNHANES database is a valuable resource for the study of trends in the health status of the Korean population because of its large sample size, complex sampling design, good quality control, and comprehensive content. Data are expressed as mean AE SD or n(%). BMI, body mass index; WC, waist circumference; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triacylglycerides; SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, diabetes mellitus; HTN, hypertension.
Means in the same row not sharing a common superscript are significantly different between groups (p < 0.05). Data are expressed as n(%). BMI, body mass index; WC, waist circumference.Covariates adjusted for age, BMI, WC, marital status, education, occupation, income, alcohol, physical activity, fat (% of energy).
In our study, mean HDL-C levels in men and women aged !20 years between KNHANES 1998 and 2005 decreased significantly from 48.1 to 42.3 and from 51.6 to 47.1 mg/dL, respectively (both p < 0.001). During a similar time period, in the US National Health and Nutrition Examination Survey (NHANES) mean HDL-C levels for men and women aged 20e74 years increased from 45.4 to 47.2 and from 55.1 to 57.7 mg/dL, respectively (both p < 0.001) [12] . In a large cohort of Japanese subjects aged 20e79 years HDL-C decreased from 55.4 to 54.5 mg/dL in men, but increased from 66.4 to 68.9 mg/dL in women between 1989 and 1998 [13] . In Chinese men and women, HDL-C decreased from 52 to 49 and from 60 to 58 mg/dL, respectively, were noted between 1984e88 and 2001e02 [14] .
We demonstrated that the prevalence of low HDL-C increased from 24.8% to 45.2% in men and from 47.7% to 63.9% in women between KNHANES 1998 and KNHANES 2005 (both p < 0.001). In the USA the prevalence of low HDL-C was 35.2% for men and 39.3% for women in 1994 and in Japan 18.5% for men and 30% for women [15, 16] . In a pan-European survey, the prevalence of low HDL-C was 33% in men and 40% in women [7] .
Epidemiologic studies found lower levels of TC and HDL-C in African and Asian men compared with their European and American counterparts [6, 7] . HDL-C values are influenced by various factors, including TG level, obesity, and lifestyle. For example, smoking decreases HDL-C, whereas alcohol consumption and regular exercise increase this parameter [17e19]. Asian populations tend to be less obese than European and American populations [5, 6, 8] . The decrease of HDL-C in Koreans during the last decade may be associated with an increased prevalence of obesity. Changes in body weight are important independent and consistent predictors of changes in TC, LDL-C, and HDL-C [20] . Obesity is also a significant risk factor of CVD; excess body weight is closely associated with lowered HDL-C levels. Several studies have reported that lowering BMI, WC, and abdominal fat are important factors in reducing HDL-C levels and elevated TC, glycemia, TG, and blood pressure [21e23]. Among US adults, abdominal obesity was higher at 29.8% in men and 46.3% in women than in our data (20.3e26.6% and 24.7e24.8%, respectively, in KNHANES 1998 and 2005) [15] . However, the prevalence of abdominal obesity increased significantly in men from KNHANES 1998 to 2005 (p < 0.001); the OR of low HDL-C levels increased significantly in relation to higher BMI and WC for both sexes in KNHANES 2005. Components of socioeconomic status are important risk factors, and may affect low HDL-C levels. Our study revealed that the covariate-adjusted OR for low HDL-C levels increased significantly for employed as opposed to unemployed and light physical activity as opposed to moderate physical activity in men and low fat intake in women in KNHANES 2005. Recent large-scale epidemiological studies reported a higher prevalence of CVD and higher rates of smoking and DM prevalence among individuals in lower socioeconomic groupings [24] . We showed inverse association between low HDL-C levels and alcohol consumption in men and women. Other researchers have shown that alcohol consumption has a significant inverse relation with the OR for low HDL-C [18] , and have directly associated HDL-C with TG [25] . TC and HDL-C increased with alcohol intake; frequent drinkers were associated with increased levels of HDL-C and LDL-C [26] . On the other hand, cigarette smoking is associated with substantially lower levels of HDL-C; furthermore, this association appears dosedependent, indicating a possible causal relationship between cigarette smoking and lower HDL-C [17, 27] . This association is independent of age, obesity, alcohol consumption, and regular exercise [27] . However, we found that smoking status was not a significant independent risk factor for low HDL-C levels for both sexes.
Physical activity has been significantly associated with blood pressure, BMI and HDL-C level [19] ; compared to a sedentary or low physical activity, moderate and high physical activity were associated with higher HDL-C in women [28] . In contrast to these findings, the present study demonstrated statistically significant associations between heavy physical activity and low HDL-C in men.
Several dietary components also affect HDL-C levels. Higher intake of fat is associated with higher levels of TC and HDL-C [29] . Our study showed that fat intake was significantly associated with HDL-C levels in women, in whom low fat intake increased OR of low HDL-C. In a previous study, a high-fat and highcholesterol diet raised HDL-C and production of apoA-I [30] . Also, reduced apoA-I mRNA related to consumption of a low-fat diet was attributed to low LDL-C and HDL-C [31] . Compared with populations in the Minnesota Heart survey, whose percent fat intake in total diet was 30.7e39.8% in men and 30.4e39.4% in women [32] , Koreans consume relatively little fat, because their meals are carbohydrate dominant. This finding may in part explain why Koreans have relatively low TC and HDL-C levels as compared with Westerners. A more balanced diet may improve low HDL-C in Korean women.
Analyses of large US cohorts indicated that a 1-mg/ dL increase in HDL-C may decrease the risk of CHD by 2% in men and 3% in women [4] . NCEP ATP III has recognized HDL-C as an independent CVD risk factor and recommends screening measurements of HDL-C for all adults [9] .
Our analyses have several limitations. First, our study was based on repeated cross-sectional design, which may be used for development of public health programs to improve detection, prevention, and treatment of CVD in Korea. Therefore, the results reflect only associations between demographic, anthropometric, lifestyle, and nutrition factors and low HDL-C. Second, we were unable to observe genetic factors that are related to the development of low HDL-C. In this regard, further studies aimed at identifying genetic factors associated with low HDL-C are necessary. Third, there was a possible misclassification of risk status, recall bias, and confounding factors because a self-administered questionnaire was used. Estimates from a single 24-h recall method cannot be corrected for intra-individual daily variation in consumption. Although single recalls are useful to estimate population means, the variation of intake might be underestimated or overestimated [33] .
Finally, we could not analyze other dietary factors including particular fat intake that might influence low HDL-C levels.
Conclusions
In conclusion, our study revealed that the prevalence of low HDL-C has rapidly increased in men and women in Korea. This suggests that attention should be focused to increase HDL-C levels for prevention of CVD. Mean BMI, WC, TC/HDL-C, and TG in men and BMI and TG in women increased significantly between KNHANES 1998 and 2005. KNHANES 2005 study demonstrated that the prevalence of low HDL-C was 45.2% in men and 63.9% in women. Increased BMI, WC, and nonalcohol drinker in men and women were associated with covariate-adjusted low HDL-C levels. Employed status and light physical activity in men and low fat intake in women were also identified as risk factors associated with low HDL-C.
